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the physical properties,2 and quantum chemical  calculations have been made,8 

and hence there is also  interest In their n.m.r.   parameters. 

The general analysis of Agfi^ type spectra has been discussed by a number 

of authors9'6 who treated the effects of the magnitudes and relative signs of 

the n.m.r.  parameters on the spectra in considerable detail.     In the present 

paper the n.m.r.   spectra of '♦-pyrone,  U-thlapypone,  U-thlopyrone,  and 

4-thlothlapyrone have been analyzed and their chemical  shifts and coupling 

constants are compared.    Optimum values of the latter were calculated for all 

combinations of signs of coupling constants for each compound,  and the calcu- 

lated spectra were compared vlrh the experimental ones.     In the case of the 

strongly coupled U-thlothiapyrone, the comparison shoved unamblgously that all 

four coupling constants have the same sign;  In the less strongly coupled 

H-thlapyrcne,  and U-thlopyrcne cases this is the moat probable assignment.    But 

for the weakly coupled 4-pyrone,  an assignment  could not be made on this basis 

as the calculated spectra are almost  Independent of the combination of signs 

used,  and the choice of all having the same sign Is made by analogy with the 

other three compounds. 

Experimental  Prccelure and Results 

The n.m.r.   spectra were recorded with a Varlan A60 spectrcmeter.     The 

spectrum of each compound was run 8 times and the aritnmetlc mean of each line 

(2) R.  Zahralnlk,  C.   Parkanyl,  and J.   Kcutecky,   Collection Czech.   Chem. 
Conmun.  27,   12^2  (1962). 

(3) J.  A.  Pople,   W.  G.  Schneider,  and H.  J.   Bernstein,   "High Resolution Mucle- 
ar Magnetic   Resonance,"  McGraw-Hill Book Ccnpany.   Inc.,   Hew York, 
1959. 

(4) B.  Dlschier,  and G.   Ingiert.   Z    Hut^rforsch.   169     ll80 (196l). 

(5) D.  M.   Grant.   R.   C.   Hirst,   and H.   8.   G^tcwsky,   J.  Chen.   Phys.   58,   470 
(1965). 

(6) H.   M.   Mutton and T.  Schaefer,  Cun.   J.   Cre?t.   Ul.   2^29  (1963). 
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position Is used.    The standard deviation In the mean line positions is ♦0.08 

cps,  except when several lines overlap.    The spectrometer resolution was 0.U 

cps, but  In the  spectra of U-thlothlapyrone the line widths were 0.8 cps possi- 

bly due to traces of decomposition products. 

The compounds,  all crystalline solids,  were measured as 0.13 mole fraction 

solutions in CDCIs,  and tetramethyl  silane vas added as an internal reference. 

Th* chemical shift between the Aa and B^ protons is concentration dependent. 

This dependence was studied in the neighborhood of CIS mole  fraction.    The 

charge of chemical  shift with dilution may be given as a quantity 8 defined 

as the  change in magnitude of the chemical  shift (in cps)  per decrease in mole 

fracrici of 0.01,   calculated at 0.15 mole  fraction.    The values obtained for 

'♦-pyrone, U-thiapyrone,  4-thlopyrone,  and 4-thlothiapyrone are S - 0.2,  0.3» 

0 » and   -O.y.   respectively.    The relative positions of the lines observed in 

individual maltlplets are practically Independent of concentration in the 0.10 

to 0.2O mole  fraction range. 

The samples of U-pyrone, 4-thiapyrone, U-tnlopyrone; and U-thlothlapyrone 

were provided by Dr. C. Parkanyi of the Institut* of Physical Chemistry of the 

Czechoslovak Academy of Science. Prague. The physical constants and synthesis 

of the thicpyrcnes are described in a recent paper by Parkanyl and Zahradnik.1 

T-ft samples of 2.6-, and JÖ-dlmethyi-U-pyrones7'* were supplied by Dr. P. Beak 

of »Ms laboratory. The sample of 2.6-dime*hyI U-thiopyroneB was obtained from 

Dr. M.A.F.  Blkaschef of the National  Res-arch Centre,   Cairo,   U.A.R. 

(7) P.   Beak,  Tetrahedron 20,   351   (196*). 

(8) P.   Beak and G.  A.  Carlo,   J.  Org.  Chem.   00,0000 (196M. 

(9) Mohamed M.-F.   Blkaschef and M.   H.   Nosseir.   J.   Chem.  80c.   hSk}  (1965). 
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Tb« analyse« of the Aglfe «pectm were carried out using the Swalen- 

Bellly10 iterative programs for analysis of complex n.m.r.  spectra  (  HMRBI 1, 

MMRTT) and were run on the University of Illinois IBM 7094 computer.    The re- 

sults of the analyses are given in Table I.    The structural formulae of the 

compounds and the definitions used in designating the protons and coupling con- 

stants are shown in Fig.  1. 

Discussion 

AgJb Spectra of Thiopyrones.      The n.m.r.  spectra of A2^8 and AaEfe spin lystems 

have been discussad in detail in several papers.3'0   Analysis of the spectra of 

the thiopyrones is straightforward so we will limit discussion of it to a mini- 

mum.    An AgSig spectrum,  except in the case of very strong coupling,  is composed 

of a highfleld and a lowfield multiples.    But it is not possible to assign 

Miese multiplets to the Aa and Bg nuclei in the molecule without further infor- 

■ation.    Fortunately, methylated U-pyrones and a methylated U-thiopyrone were 

available and the chemical shifts of the ring protons of these compounds per- 

mitted assignments to be made for the thiopyrones by comparison.    The chemical 

shift of the ring protons in %3-dlmethyl-it-pyrone is 456 cps downfield from 

TMB at 60 Nc/s;  in 2,6 - dimethyl-4-py rone,   it  is 361 cps; and in 2,6-dimethyl- 

4-thiopyrone,  416 cps.    Upon comparing these values with those given in Table I 

for 4-pyrone (485 «md 589 cps) and 4-thlopyrone (470 and 4l6 cps),  we assign 

the lowfield multiplet to the protons in the 2 and 6 posit .ons  (A protons) and 

the highfleld multiplet to those in the 3 and 5" positions (B protons)  for both 

compounds,     la  :he a^s -nee of further experimental data, we assume the same as- 

signments to be valid for 4-thlapyrone,  and 4-thiothlapyrone.    Calculations of 

the electron density at the carbon atoms have been made using the MO LCAO 

(10)    J. D.  Bvalen and C.   A.  Reilly,   J.  Chen.   Fhys.  27,  21,   (I962). 



Table I: Chemical Shifts and Coupling Constants of Thlopyrones 

Compcand VA VB ^ JA JB J J' 

**-IVrone U82.6 589.5 95.5 2.89 1.22 6-59 0.4^ 

U-Thiapyrone ^69.5 4x5.7 55.8 4.12 2.0o 10.74 0.4^ 

u-Ihlopyrone 448.6 421.9 26.7 2.20 0.8, 5-79 0.6- 

i»-Thiot hlapyrone 471.8 ^52.5 19.5 5.^1 1.79 10.59 0.67 

All values are in cps. The symbols used to designate the protons and coupling constants 
are defined in Fig. 1. The chemical shifts are in cps downfleld from TMS at 60 Mc/s. 



X = O, T = 0 

X • O, T = 8 
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4-Pyrone 

4-Thiawrone 

4-Thiopyrone 

4-Thiothi pyrone 

Fig. The s ruct ural formul e of the thiopyrones, with the designations 

used for the protons d cou l ing con nts . 



approximation* for all of the thlopyrones studied here. The electron density 

was found to be higher at "he 3 and 5 positions than at the 2 and 6, which is 

consistent with the high-field assignments of the  former. 

The general appearance of the thlopyrcne spectra  studied by us is the 

same;  the main difference is the decrease in the chemical shift between the Aa 

and Bo protons In going from U-pyrone to i*-thlothiapyrone.    A schematic high- 

field multiplet of a general thiopyrone spectrum is shown In Fig.  2;  the tran- 

sitions are numbered as in previous work.3'5    In all of the spectra,  the lines 

due to transitions 5 and h overlap as do 1 and 2.    This aad similar overlap in 

the  lowfleld multiplet  reduce the number of resolved lines from 2k to 20.     In 

the  spectra of 4-pyrone and 4-thlapyrone,  lines 9 and 12 are observed as shoulders 

on Intense neighboring lines but  for U-thiopyrone and U-thiothiapyronc thay were 

not  resolved and the numbei  of observed linee  is reduced to 16. 

Analyses of the spectra were perfcrmed for all combinations of relative 

signs  for the coupling constants,  by means of the Swalen-Reilly10 energy lev- 

el program MNREN 1 and the iterative program NMRIT.     For each sign combination, 

the program converged to an optimum set of values  for the parameters v   , v   , a       D 

and the four coupling constants.     The magnitudes obtained for a particular par- 

ameter depend upon the .ilgn combination but the main differences are the changes 

in the signs themselves.    Therefore, we give only the  final assigned sets of 

values,  which are in TaMe I.    A measure of relatively how well the different 

sets of parameters agree with experiment  is *he average deviation between the 

positions of the observed lines and those  calculated with each set  of paramet- 

ers.     These average deviations are  listed in Table  II  for the eight  relative 

sign combinations  for each compound.     For 4-thlothlap\rcne the best   fit by a 

3-fold factor is obtained when all  the  signs are  the  saaie.    The results of the 

calculations  for U-thlopyrone  favor sign assignments of   ♦ ♦♦♦  and +-♦—-   for J., 
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a Table II: Average Deviations in cpa Between the Transition Frequencies 

tor the Beat lit Calculated and the Observed Spectra of Thiopyrones 

Obtained by .auT tor • .!h Combination ot Belati ve Siglle of the 
b 

Couplin6 Cousta.nts 

CompoUDd Average deviation tor given combination ot sisna 

4-Pyrone 

4-ThiaP7J'O&e 

4-'l'hiop,yrone 

4-Ttiothiap,JrOne 

++++ 

0.113 

0.025 

o.cm 
0.096 

+-++ 

0.025 

0.069 

0.092 

0.269 

++-+ 

0.020 

0.054 

0.}89 

0. 540 

0.023 

0.047 

0.374 

0.396 

++--

0.020 

0.()54 

0.(158 

0.322 

+--+ 

0.025 

o.cm 
0.394 

0.5,0 

+-+-

0.025 

0.069 

0.394 

aA sia1lar aualysis ot the intearated intenaities also can be used as an aid in establish
in6 the correct CCIIbiDation of relative sisna. 

'b.rbe Si8118 g1 ven correspond to the tolloving order ot the coupling constants: J A' JB, J , 
J'. 
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JB' J aD4 J' re~lvely. Bovever, it the alan or J cha.Dpa on aoUic baa 

4-th1oth1aP7J'Oile to 4-th1oP71"CDe the, •• -.,. be aeen 1Jl Table I, 1t5 •SD1-

tu4• el:Mt.qea by abou.t 16 c~. Thla aeeu very u.nllkely, ao the alan ca.bin-

atlon ++++ 11 aaaiSDecl to 4-th1oP7J'Oile. 81a1lar .reaaon.1Jla in the caae ot 

4-~hi&P1JOile eliminates the s1sn cc.b.tnationa +++-, ++-+1 and ++-- vhich give 

nearl.7 the .... lov averaae clniation aa doea the ca.b1Dat1on ++++. 

JK~at illeenait1.ve to eba_zase ill relative sips ot the couplina constants, as can 

be seen troll Table n. To ill~rate bov el~ael.y the apectrua ot 4-wrone re-

Mllbles an AM 8pectrua, the rea\llta ot an Attie aD&lyaia tor thia cc.poUDd 

are, ill cpa : J A • 2.88, J = 1.21, J • 6.~, aDil J' • 0.,9, all ot vh1eh agree 

to v1tbin 0.0, epa ot the valuea pven ill Table I tor tbe AeJII &Dalyaia. Bov-

ner, ill Yi.ev ot the close aiailaritiea ill the apitu4ea ot the cou.pling eon

.t&ntl tor 4-PTJ"ODe and tM other three th1op;rroD8a, ve conclude that their 

relathe aips are the ..... IIDreover, it ..-.,at pi'Ob&ble tblt these aips 

are pod 1 ve. The t1 nc11 q tt.t the couplina conatants are or the aa.e sip in 

-:he t.h1owrone agreea vith previous real.llt a on t he alps ot the eouplizas con

.tanta in a~t1c aDd other twteroa~tic ~n .... u-1e 

attect ot !!placeMUt ot OuJ!D 'bz IW.tur on •• II.L Parwmetera. A eaapariaon 

ot the 'ftluea tor v A aDil VB 1D '!'able I 8bova tbat the chemical lhitt & between 

(U ) B. I. Gutovaq, C. B. Bola, A. Saika, aDd G. A. Villiau, J. Am. Chell. 
Soc. 19, -596 (1951). 

(12) B. •· lt1charcla and T. Scbaeter, IIDl. ~·· 1, ''1 (1958). 

(1') B. •· lt1cbarda aDd T. lchaeter, Tl'&lla. l'arada7 Soe. 54, 1280 (1958). 

(14) B.D.•. 8ko aDil J. D. Bal.cleacblrieler, J. CMa. ~·· ,7, 2473 (1962). 

(15) V. G. Patteraoo aDil G. Bfp•, Cu. J. c:Ma. 41, 181.1 (196,). 

(16) L I'Jc ", •· 1. -.cca, aDil c. A. a.t~, J. Cbea. ~·· ,a, 29' 
(196,). 



the Ae (2,6) and Ba (3,5 ) protona is reduced as sulfur is introduced into the 

JK>lecule. Thia reduction fllAY be ascribed to the aaller e l e tronept1.v1t;y di t -

terence between C and 8 cOIIIplred t o that between C and 0 . In addition to the 

clecreaae in , there ia a eon \lrl'ellt dovnfi•l d diaplacement or the average 

ebeaieal ahitt (v A+'IIB)/2. ~e vould expect the clecreaaed eleetroneptivity 

ditterenee to produce upfield ahitta,s ao some other ettect lllU8t be present. , 
The averaae ~eal ahitta tor the thiop;yronea and 80IIle s1a1lar compound• a re 

listed in Table m, and in all heterocyclic " a romat ic" compound• the ahitt or 

t he aul tur derivative ia dovntiel d from that or the o~gen. It 1a apparent 

sulfur because both qclic and acyclic saturated eo11p0unda have an uptield 

ahitt, aa expected trom the electroneptivity difference. The tact tbat only 

the un.aaturated heterocyclic eompoUDd.e have th~ dovnf'1eld ahitt leecla us t o 

propose t hat it occurs a s a re5'.1lt ot an increaaed ring current in t hese eom

poUDd~t. m.rtdge and Jaelalawtl8 have baaed t heir detinit ion ot azaatic cbarac-

t er on t he ability ot a eon."" :>und to sustain an 1n4ueed ring current. Therefore, 

in t hese t enu t he Bl"''DDIlt i c cbaraeter and t he delocalizat ion of pi-electrons 

increase vhen going from 4-pyrone t o 4-thio•hiapyrone. Thia obaervation •Y be 

resarded aa evidence t hat cllle to i t s d orbitals s ul tur ah1b1t a greater abilit y 

to enter into cODjuption than oqgen.t• 

It ia also interest!Dg to eaqare the .apitulllea ot the couplina constant• 

obtained by analyz!Dg the spectra observed tor the tour thiopynmea. Aa 1a vell 

(17) L. 11. Ja~, "Applications ot luelear llapetic Be10nance Speetroaeopy 
in Orpnic Cheaist17,• Jl'erg&IK)n Preaa, lev York, 1959· 

( 18) J. A. &1 vidge and L. II. Jaelaan, J. Chela. Soc. 859 ( 1961 ) • 

(19) B. C. Lonsuett-Bigina, Trans. Farada;y Soc. ~+5 , 173 ( 1~9 ) . 
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Table  III:    Average Chemical 8hlft8 of the A2 and Bg Protons  In 

Thlopyrones and Related Conpounds 

Compound Chemical shift0 Ccmpound Chemical  shift 

U-Pyrone 455  < rps Thiophene 432 crs 

4-Thlopyrone ^55 Tetrahydrofuran 163 

4-Thiapyrone U3 Tet rahydrothlophene 142 

^-Thlothlapyrone 462 Anisole 227 

Taran 414 
V) 

Thioanl. sole 143 

aThe shifts,  at 60 Mc/sec,   are downfield fron TMS and correspond to the midpoint of 
the ^2^2  spectrum. 

Data taken from reference 17. 
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JB' nor between J and J'. However, by means of Ot~T info:nmtion, a tentative 

assignment can be made of the JA coupling constant ~o coupling between the 2,6 

protons (AA in Fig. 1) and of JB to coupling b tween 3,5 protons. This is 

baaed on the following facta. It has been touna2° for turan and thiophene that 

sul.tur substitution i .ncreaaea J (our JA) from 1.55 to 2.85 cpa. Similarly, re

cent da...a21 on omzole and tbiazole derivatives have ahovn that J (JA ) in 

4-met~lomzole is 1.0 cpa whereas in 4-meteyltbiazole this coupling constant 

is 1.86 cpa. Thus, we vould expect an increase in JA .Jf 0.9 to 1.3 cpa to ac

ccapany the replacement of the endo-ox;ygen by sulfur in the thiopyrones. 

PortUDatel.y, the values found for J A and J 8 are such that there is only 

the one vay, given in Table I, ot arranging the coupling constants so that re

placement of the eD4o ox;ygen by sulfur causes an increase ot -1 cpa, i.e. . pon 

going tram 4-pyrone to 4-thiapyrone and from 4-thiopyrone to 4-thiathiop;y .Jne. 

Moreover, this increase is 1.2 cpa tor what we list aa J A and appreciably leas, 

0.8 cpa, tor JB. Beeauae of this difference we tentatively aaaicn J A aa the 

coupl.ing between the 2,6 protons which thus ranges t:raa 2.2 to 4.1 cpa and JB' 

the 3,5 coupling from o.g to 2.0 cpa. 

The assismaent of the coupling constants J and J' can be II&Cle vi thout aa

biguicy. lor each ot the tour cc.poUDda, one ot these constants is larp (5.8 

to 10.7 cpa) and the other -11 (0.4 to 0.7 cpa). The larp constant is aa

siCDed as J, the coupling between the ortho protons 2 and 3 (5 ,6), and the 

llllllll is asaicned as J', the cross coupling conatant between para piOtona 2 and 

5 (3,6). The aa&iSIJIDI!Ilt is made by comparison with ortho and para coupling con

stants in arc.at1c ayatema.11 

(20) B. J. Abl'lhlul and H. J. Bematein, Can. J. Cha. 391 905 (1961). 

(21) P. Haake and V. B. IU.ller, J. Am. Chem. Soc. 85, ~ (1963). 
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A diati.Dct chaDp 1n the value or the J coupling conatant acc:oaapuUea the 

illtrocluctiOD or aultur illto the rins1 aa c:an be obaerved 1n Table I. Thia 

coupli.Da CODataDt cbaapa rrc. appron.ately 6 cpe 1n 4-P71'01le aD4 4-thiowrone 

to lO cpe 1n --thl•P7J"'D• aD4 --thiothiapyroDe. A a1ailar cba.D&e or the c:or

reapwuDI coupllDa conatant ia obaerved between turan aD4 thiophene (the coup

ling conatant increaaea hal 1.8 cpa to 4. 7 cpa). In the latter c:aae Abraham 

and Bematein2° aacrlbed the chaD8e to the ciecrease in the CCH bond aD8lea pro

duced by int roducin& a laqer aultur atOll t o the t1 ve-llellbered riDs· Alao, 

there 1a a laqe a.oUDt or nidence tbat the viJVl coupling conatant increaaea 

vith tbe riDs aise 1n qcllc olettna.• Bovever, it baa been argu_.. tbat the 

cbaJI&e or J 1n thiophene cc.paftd to tuJan ia pn.aril7 an electroneptiTit;r 

ettect upon tbe ionic cbancter of tbe C-B boD4a vbich are alpba to tbe ea4o 

~ or Altur. It .._ ~-ble to ...... tbat both theae etfecta op

ente 1n tbe th1oJ171"01Wa aD4 teal to inc~ae the J coupllDa conataDt upon aub

at1tutioll of Altur tor OliiiJa- 1n tbe riDs· 

fte autbon vtah to expreaa their tbaaka to Dr. c. Pa~ 

tor h1a lift of tbe CCJIIjJOUD4a UMd 1n th1a atud;J, aD4 to Dr. J. D. lwalen !or 

~ tbe iteJ"&tiw PI'OCftM• Ve are 1Diebte4 to the atatt ot the D1c1tal 

ec.pater X.bol'&toi'J tor tbelr aulatuace. !'be rnearch vaa 8Upp)rte4 b7 the 

u. 1. Ott1ce of •~ .. .-reb aD4 b7 tbe •ttoal Science Pouadation. 

(22) 0. L. Cba~, J. Aa. ca... loc. 85, 201-. (196,). 

(2') B. 1. ~ u4 A. L. lbrte, J. Cbla • ._.. ,5, 8~ (1961). 
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